Abstract: Bucharest, the capital of Romania, is situated in the Romanian Plain and is being drained by Dambovita and Colentina Rivers. During the last 150 years, the natural landscape has been intensely modified by its inhabitants. The most prominent change has been made in the Dambovita floodplain, where the natural land features have been completely changed. The present paper aims to highlight the major geomorphological changes that Bucharest suffered over the last 150 years. The major human intervention was the improvement of Dambovita channel and the demolition and/or the construction of different buildings during the communist period. Besides the human induced geomorphological changes, there is also soil creeping as a natural geomorphological phenomenon that shapes the landscapes of Bucharest.
INTRODUCTION
Bucharest is the biggest city from Romania and is located in the central part of the Romanian Plain. During its existence of about 555 years, the city's landscape has been shaped by the two main rivers that cross the cityDambovita, in the central part, and Colentina, in the north-eastern part, but the most significant role in shaping the landscape belongs to the humans.
At the end of the 19 th century, the city spread around the Royal Court (Figure 1 ). Over the next century, the city spread wider and wider, including the surrounding villages (Baneasa, Floreasca, Plumbuita, Colentina, Sarbi, Giulesti, Dudesti etc.). However, only in the communist period (1944 -1989 ) the city suffered a radical change.
The present paper tries to track the geomorphological changes that occurred in Bucharest City in the last 150 years by diachronic analysis of historical maps and by analyzing the historical topography (1911) compared with the present one in a GIS environment.
DATA AND METHOD
The past geomorphological situation has been identified by studying the historical maps (Table 1 ). The observations and the geomorphological mapping were focused on the Dambovita's floodplain because they could be tracked on all the historical maps used and because its morphodynamics was more intense than Colentina's. To identify the geomorphological changes from 1900 until now, we used two DEMs, one for assessing the historical situation and one for the present situation. The historical DEM was obtained based on Bucharest City Plan, from 1911. The Plan was georeferenced, using image-to-image method and applying thin plate spline algorithm. Then the contours lines were digitized and interpolated, applying inverse distance weighting. The resulted DEM has a resolution of 2 meters.
The present DEM is represented by a LiDAR model from 2008 made by the company Bloom Romania. Its spatial resolution is 0.65 m. The LiDAR DEM was masked and resampled to match the extent and the resolution of the historical DEM. Because of the advances made in technology, the LiDAR DEM also contains information about the building foundations.
In ArcGIS 10.1 we applied the Minus Tools to the DEMs. This tool allows to see the differences in elevation between two DEMs, for each cell size ( Figure 2 ).
The Minus tool is used to subtract the value of the second input raster from the value of the first input raster on a cell-by-cell basis [1] . In this analysis, the first input was considered the LiDAR DEM and the second input was considered the historical DEM. As a result, the positive values obtained show elevation, and negative values indicate a decrease in elevation. 
RESULTS AND DISCUSSIONS
The geomorphological map from 1864 reveals the existence of several natural fluvial land features ( Figure 3 ). The 1864 floodplain boundary is similar to the present one with small exceptions (The Polytechnic University of Bucharest, Palace of the Parliament), situations that will be described later in this paper.
In the second half of the 19 th century, Dambovita evolved in a natural state. It had several meanders and secondary streams. From the most important tributaries, we can name here: Bucurestioara, on the lefthand of Dambovita, Dambovicioara and Garlita on the righthand of the river. The floodplain was covered by ponds and lakes and also by marshes. From place to place there were islets and mounds, locally called 'gorgan' or 'gorganel', for the smaller ones.
The lakes were numerous and spread on the entire floodplain. In some situations, the lakes or ponds were surrounded by marshes. Dambovita was a very dynamic river that changed almost after every flood [3] . Dambovita's floods were intense and common. In spring, when the snow melted in the upper basin, or in the rest of the year, after heavy rains, the water level rose and produced floods. The floods had a great impact on the local economy -they affected entire neighbourhoods producing damages to the houses, they covered the orchards and vineyards and destroyed roads and bridges. Humans also contributed to the situation by building mills and bridges along the river or by throwing the trash in the river channel, all these producing obstructions in the river flow [4] . After 1750, the local authorities tried to mitigate the flood risk by building some kind of channel along Dambovita that did not prove to be very efficient [2] . Only after 1880 some important mitigation measures have been implemented, and Dambovita was channeled and straightened.
Today, even though the floodplain is completely modified, there are still some remnants of the previous land features -the versants and the overbank hillocks (Mithropoly and Negru Voda Hills).
The results from applying the minus tool indicate several changes regarding the geomorphology of Bucharest City (Figure 4 ), in accordance with the results of previous studies [5] . The values obtained range between -14.6 and 18.7 meters. By analyzing the map from Figure 4 , we can identify some areas that have been elevated and areas that suffered a decrease in elevation. With few exceptions, all the changes are human-induced. The most important areas with changes in elevation are presented in Table 2 .
Correlating the results of applying the Minus tool with the historical maps and documents [2] [3] [4] [6] [7] [8] [9] [10] [11] [12] we can identify some phases in the city's growth.
First, there are the changes made in the interwar period. Cotroceni, Grivita, Militari are three examples of quarters that developed in this period [2] . From the quoted work, we find out that previously, this areas were covered by woods, then by crops, vineyards or orchards. After the First World War, the municipality decided to develop new quarters for different social categories of inhabitants to live. So, in Cotroceni Quarter were built villa houses, with two floors and gardens, around Cotroceni Palace. These houses were built for the high-rank officials. The lower rank officials had cheaper houses around the military establishments situated in the western part of the city. From the military employees established here the quarter was named 'Militari'. Grivita neighbourhood was built around the main Bucharest train station. The houses were mostly cheaper blocks of flats.
The second construction phase is the communist period. In this period, the city suffered radical transformation. In the 6 th decade, the Student accommodation area ('Regie') and the Polytechnic University of Bucharest (UPB) were built. 'Regie' was built on a greenfield as a 'student borough'. For the construction of UPB -the modifications were more severe. The ground was flattened by excavating a spur (western part of the University, north from the actual Baia de Aries Street) and by filling the area between the upper part of the versant and the Dambovita's floodplain with excavated material. After the terrain was smoothened, the construction began.
In this period many landfills were transformed into parks or stadiums, such as: The National Stadium and the National Park (former 23 August) (built in 1953 on the former Vergului landfill), The Circus Park (former Tonola landfill), Dinamo Stadium (1952), Tineretului Park (1974, on former Cocioc landfill). All these can be identified on the resulted map, as areas with a decrease in altitude. Tineretului Park area registered an increase in elevation. The park was built around a remnant lake (Cocioc Lake) that has been set up for recreational purposes. In order to improve the landscape of the lake, the area right next to Dambovita's versant was enlarged by adding a huge amount of material [2] .
Another change that has been made in the communist period is the construction of numerous blocks of flats in different areas of the city that eventually led to elevations due to ground preparations (heightening and flattening the area) before building a construction. The elevations are not considerable, they range from 0 to 0.5 meters, and examples include: Vacaresti, Tineretului, Dristor, Vitan, Titan, Colentina, Rahova and Ferentari.
The city center along Dambovita channel, between the actual Palace of the Parliament and Alba-Iulia Square suffered the greatest transformation.
For building the massive Palace of the Parliament entire neighbourhoods were demolished -Izvor, Uranus and Antim. Also, the area developed on a spur of Dambovita. During the ground preparations, the spur was excavated, making it rounder in shape and the resulting material was added on both sides of the spur to flatten the area. Izvor Park was built on the left side of the spur while Constitution Square was built on its right side. Unirii Square is another area transformed during the communist period. In this area, several buildings were demolished, including the 'Brancovenesc' Hospital, churches and market places, being replaced by a park, blocks of flats and a department store ('Unirii' Store). From Unirii Square to Alba-Iulia Square an entire boulevard was built, cutting through the existing constructions and along the newly built boulevard were built more blocks of flats.
Some constructions from the communist period remained unfinished. They can be observed on the differences in elevation map as areas with negative values (decrease in altitude). 'Casa Radio' Building and 'Cantarea Romaniei' Center are two examples. From the second one it remained only the excavated base. Another case of decrease in elevation is Colentina's right slope (between Plumbuita Lake and Ostrov Lake). This has been improved in 1970's as a continuation of the works from 1935-1940. The decrease in elevation is caused by the drainage of the lakes [13] .
The third phase of constructions that has been identified is the period after 2005 when many former factories have been relocated. On ex-factories and former industrial estate areas, real estate companies developed new residential areas. On the map with the differences in elevation, there are some areas recording a decrease in elevation of about 6 -10 meters. This is due to the fact that when LiDAR DEM was obtained they just started the construction, so the LiDAR recorded the basements. Similar to these is the case of Sun Plaza Not all the changes in elevation are anthropic. In the central part of the Dambovita's floodplain, there are two overbank hillocks -Mithropoly and Negru Voda Hills, with steep slopes. The slopes are affected by soil creeping -a very slow movement caused by gravitation that induces the dislocation of soil particles from the upper part of the hillocks slope and stacking them at the base. The process can be observed on the differences in elevation map -in the upper part of the hills there is a decrease in altitude and the lower part there are elevations.
CONCLUSIONS
Diachronic analysis can be very useful in understanding the geomorphological changes of an area. By studying the historical maps and documents, we can understand the causes that led to the present situation.
Regarding the human intervention on the natural landscape in Bucharest City we can say that the most prominent changes were made in the center part, in the Dambovita's floodplain.
The major changes have been made next to the righthand slope of Dambovita's Valley. On this side, the slope was cut, was enlarged and was flattened to make room for new constructions and enhancements like the Polytechnic University of Bucharest, the Palace of the Parliament and Tineretului Park.
